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. Strong scientific case for time resolved experiments at
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Ultrafast structural dynamics in solids
- Order/disorder transitions (melting)
— Solid-solid phase transitions
- Surfaces

Ultrafast molecular dynamics

- Structural dynamics of the transition
state

—- Solvent/solute interactions (solvent
structure)

Ultrafast processes in biology
Atomic and molecular physics
Magnetization and spin dynamics

Dynamics in warm dense matter

timescales of the order of atomic vibrational period
1 A/v 4~ 100 fs

Time-resolved x-ray diffraction
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Ordered crystals - phase transitions, coherent phonons

Time-resolved EXAFS, NEXAFS, surface EXAFS
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Complex/disordered materials - chemical reactions
surface dynamics

bonding geometry
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Science is broad-based and emergent

Workshop on New Opportunities in
Ultrafast Science using X-rays

April 14-17, 2002, In MNapa, CA
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Ligand Dynamics in Myoglobin (h-Mb'CO in D,O @ 10.4 °(
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G An ultra-fast x-ray user facility driven by
cevecs) { scientific needs in Physics, Chemistry and Biology

ID and bend magnet beamlines

— Baseline parameters:
* Short X-ray pulse <100 fsec FWHM at 10 keV

 Repetition rate 10 kHz
 High flux 107 photons/pulse/0.1%BW at 10 keV

e Tunable photon energy 1 - 10 keV
° synChronizaTion ~ 10 fs John Corlett, CBP Seminar June 2002



- Soft X-ray FEL
{ extends photon range below 1 keV
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ID and bend magnet beamlines

* FEL
- Takes advantage of available high quality beam
-~ 0.1-1 keV
— Variable up to ~ 102 photons per pulse in 0.1% bw
- 200 fs pulse

- Synchronized
John Corlett, CBP Seminar June 2002
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ccecer py High-gain harmonic generation soft X-ray FEL
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Position of optical pulse in electron pulse

T T W

2.5 GeV electron
pulse (1 ps)

Micro orbit bump

A 1 - [

IJIJI—I/;! xid g

60 nm MO 60 nm FEL 15 nm FEL 15 nm FEL 3-5nm FEL

pulse (200 fs) Amplifier radiator (3 m) Amplifier radiator (5 m)
(5.87m, 1.8 T) (12 m, 1.7 T)

FEL scheme for generation of precisely timed pulses of
108 - 102 photons/pulse over range of 15 - 3 nm

John Corlett, CBP Seminar June 2002



F\| i.;; Machine operation

BEReELEY LAR )
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33:1': /\ 110 MeV linac e L ) '
; 10 MeV RF gun 7y

Future \ i — = .
energy
recovery 600 MeV linac
path Future energy

* Generate ~ nC bunch in RF photocathode recovery path

* Produce small vertical emittance from round beam Baseline beam power

» Accelerate to ~ 100 MeV 25 kw
Use energy recovery

* Inject into, followed by four passes through, 600 MeV linac

) . . for beam power above
 Produce time / angle correlation within bunch ~ 100 kW
* Radiate in insertion devices and bend magnets

» Compress x-ray pulse from ps scale to 50 fs scale |
John Corlett, CBP Seminar June 2002



—~__ . Machine utilizes progress in key technologies
reeeee |"" Technical challenges identified and prioritized

BEREELEY L

Emittance

- High-brightness RF photocathode gun
control

- Flat-beam from round-beam transformation

- TESLA superconducting RF linac cryomodules Personnel and machine

- Emittance preservation throughout machine protection

- Superconducting deflecting cavities

- igiz;cz::z:mg small-gap in-vacuum undulators Instrumentation High-brightness rf
s ] photoinjector

- Synchronization techniques Synchronization

— Flat-beam optics

Undulators

X-ray optics

[
~ L) Superconducting
sS=—— o

John Corlett, CBP Seminar June 2002



:1'\| . Challenges in accelerator physics and technologies
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Synchronization
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LASER OSCILLATOR laser pulse
(passively modelocked)
>
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Emittance control
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cercery] |,;;- Collaborations in key technologies

- Fermilab AO/NICADD facility i s
 High-brightness RF photocathode gun ':*ﬂ@m!ﬁ f'l"""ﬂ"""”‘"' —

* Flat-beam from round-beam oy @l
transformation

Cath Prep  Lean wilh S oef] TESNLA h'l.ql"lll.l.:: Chuml Tripheta Spocn s (5T
Cherber  Sokmab Siperssded Caely Cowrprgasson

en Chisd Fa Deam
FT RS RS E =

- DESY
» TESLA superconducting RF
 Linac cryomodules
» Superconducting RF systems

- TINAF

» Superconducting RF systems

- Fermilab
» Superconducting deflecting cavities

John Corlett, CBP Seminar June 2002



. Femtosecond x-ray pulses from picosecond bunches
,:,}l » Reduces problems associated with ultra-short electron
=<1 bunches

_

Deflecting cavity introduces angle-time
correlation into the ~ ps electron
bunch

=gt sntee

Voltage U )
giz S'\’\ \-A Z\Z :é 7

5),(2) = E?)t; v ,Bcavity Bend Sin(krf Z)

NI Bunch filt ~ 140 y-rad (rms)
Radiation opening angle ~ 7 y-rad @ 14
TR

Undulator

Crystal x-ray optics take advantage of
the position-time correlation, or
angle-time correlation to compress the
pulse

John Corlett, CBP Seminar June 2002
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Femtosecond x-ray pulses from picosecond
bunches - x-ray compression

_

Optical path length Al varies linearly
with position Ay on crystal

Si crystal

We propose to use a pair of
asymmetrically cut silicon crystals

following collection optics

_ snf sina
Al =2 Ay=——7—="+
Y'sn (6+ a)
A 2y 0 a 2L
si111] 1.5A [ 1.5mm | 14.309°| 2.1 0.3 MM
Si(111)
AN ras
I A mirror  Endstation | ;. L el ]
- = ﬁ S s | Y
o .I" y : |
[T M1 - ¢ fx
- b i
Undulator MIrror - [
Focus dimensions Focus divergence

Source

20um (h) x 12 pym (v) 1.2 mrad (h) x 500 prad (v)



X-ray pulse duration
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Lattice functions through final pass

=R A AR

Bend magnet x-ray pulse duration

I {m)

g2 Pass #4. Linac 1.92->2.52 GeV,
UX— ray = Fr R?:::Eri:ululjilt.::I,inaL' 1.\IarL']:-2[|[|?.r
k 100 25/03/02 09.12.48
. =90 4
Undulator x-ray pulse duration :
80, -
Oy ray> pbeam. off\/ 1 70. -
X—ray f e U |
60. -
(l T
; 0. -
| 1 ]
40. -
30.
T 20, A
i i
| 10,
0.0

0.0 23, S0. 75 100. 125. 150. 175. 200. 225. 250. 275. 300.

» Short-wavelength photon limit s )
- X-ray pulse length limited by beam emittance
* Long- wavelength photon limit

- X-ray pulse length limited by diffraction limit
» Fixed optics, beam energy, deflecting RF system

John Corlett, CBP Seminar June 2002



HERELEY Lam] L.p.n

Baseline design for 2.5 GeV, 10 kHz rep rate
r)f_nl |'"‘Upgr'ades to 3.1 Ge

, higher repe‘rmon rate, higher charge

- 3.1 GeV with addition of cryomodule or operate at 25% higher gradient (25 MV/m)
Average flux increased by repetition rate of RF gun & lasers

Peak flux requirements more difficult to reconcile with pulse duration requirements
e Emittance dominated by space charge effects in RF photocathode gun

0. 1%kbw

Flusx,

14 mm period
3 mm gap

2 T field
Kmax =2.6
10 kHz
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2.5 GeV
73 MV @ 3.9 GHz ]
Brr 90m, By 2.5m ]

!nC,Sy =2x10“m

InCe = 0.4x10%m

0.1 %bw

Flux,
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Lattice

Circumference of each pass
adjusted to maintain uniform bunch
spacing in linac for up to 12 MHz
- 100 mA average in linac

Bunch compression intwo stages

- 20 ps - 10 ps after RF gun

- 10 ps - 2 ps after injector linac
Four passes through main linac
Beam spreader separates different
energy beams

No focusing in linac

Tune control in return straights

- +-0.5

Normalized emittance

- 20 mm-mrad Horizontal

- 0.4 mm-mrad Vertical

Momentum spread

- 0.1%

linas
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. . Compact beamline arrangement required to separate and
fiﬁl |I"‘ combine beams of different energies

BEREELEY _

 Septum magnets
e Multi-energy dipoles
e Compact quadrupoles

Q1 Q22

Ql1 Q12 Q13 Q14//

— ] == 7 o5 Ba3 Do
== e o= 2B ==
' B2 B3 VY —-r 3 4 4 e
Q31 Q32 B4 Q41 Q42 Q33 Q34 4 Bad
| B /
E EH Q33, 034, Q41 and Q42
= [ oumenn R
il CJmmae,
B3 Septum
S e e BB ey
e lcla e e IO
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Lattice sensitivity

Sextupole | Transverse | Longitudinal

Strength | component | misalignment| misalignment Roll
Dipole 1.0E-03| 1le-4at3 cm| 150 micron 1 mm| 0.2 mrad
Quadrupole| 1.0E-03| 5e-4 at5cm| 150 micron 1 mm| 0.2 mrad
Sextupole 1.0E-03 150 micron 1 mm| 0.2 mrad

Histograms of electron distribution after propagating arc #3 (9 seeds)

before orbit correction . e
: '\ 9 seeds :
X ;
4'?’.'{: o .
f;f"';‘ s after orbit correction "y
20 -10 0 10 20 2 d0 ] 2
y/Oy y/0,

Orbit correction effective in preserving emittance
Beam based alignment

Tracking code for particle tracking through entire lattice is being developed
(E. Forest, KEK)

John Corlett, CBP Seminar June 2002



—= A RF gun development - key technology that drives pulse
r_f/r_r:\”| |="l repetition rate up to 10-100 kHz

e 64 MV/m on cathode -
e Three independently phased cells
e« ~ 8 MeV output beam energy for three cells . s

- Limit power dissipation <~ 100 W/cm? BHEN T S

B i e e R e e e e e e

Input waveguides (== T eed

/\\‘ Electric field T-mode | :

Cathode cell

L 10" - [

5 |
1 — —=— MAFLA, 30imim —

=

2 —A— PARMELA 3(0mm

&, | —=— MAFLA, 65mm |
- —¥— PARMELA, 65mm

E—H——v-—v—-o-—.._..._____'—

0— =
' — T 1
magnets Accelerating cells 1 20 30 40 50 &0 70 80 9D

Launch phase {°}

Solenoidal
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—= A RF %m beam dynamics studies
r_\% HOMDYN, PARMELA, MAFIA

° 64 MV/m on Cafhode . L e nud L rrnd

10 —
e 43 MV/m cells 2&3, 1 mode .| o MAFIA. 300mm B
» 10 ps bunch length ) —Z— MAFIA, 65mm
5 —f— PARMELA, 300
4 —%¥— PARMELA, 65

60 deg launch phase

nomm. iransverse emitance {(m*rad) =

3 —
3 -
N el S A 1 -
P rmmmmrreee] | m—————— 01— —
Aamwml,  Ammssrrsrss, [ wwswwwww | I IIIIIII| I IIIIIII| I IIIIIII|
B Tt EEEmEE s sE s A z 4 & & 1 4 B E FEC
CLiWh 1 LR .1 I
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i | | | | l l | | |
= 125107 —
i ~ 1nC
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g 5 B
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: E o4 -
N & —H— z=3{mm
; E 5 —=— =050 B
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lamch phase ("}

IHstanee from catliode |m)
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RF gun development
ANSYS model

Gun cell Cell2 & 3
Frequency 13 GHz 1.3 GHz
Eep. rate 13 kHz 10} kHz
Dty Factor ~5% ~5%
E, 64 MVim 43 MVim
P SR1 kW 1550 kW
Fiverage 20 kW TISEW
. e p—— Surface electric and magnetic fields
dens may C !

-

e

L I
= b La. 404 I, 43 di. F1 e
LI 432 4. 124 15. 122 48. 11 =F.E13

Temperature above cooling water

John Corlett, CBP Seminar June 2002



— .H Flat electron beam production
f/r_r:}| |m1 Critical technique for producing fs-scale x-ray pulses

* Flat beam transformation
- Generate circular cross-section beam from cathode in solenoidal magnetic field

- Follow solenoid with quadrupole channel
e Unit transform in x

e 1/2 phase advance in y
Quadrupole channel transforms beam shear developed on leaving solenoid into linear x,y distribution

B=1/k
x'|_[o10 0 |[KYo|_| kvyo 0 K'yo
y 000 p Yo kB %o X0
y') \%018 0 J\kx/ \1/By kYo
\ 1 Bz
solenoid, k = 2 ple
e Fermilab/NICADD Photoinjector Laboratory (FNPL)
Siin Skin Slin
6 IL7TLRELS |

I T NG T N
SR " : " "— il 1 S i
. f 1 b

Crih Prep  Goum wiith 0 cell TESLA bag Chicame Duad Triplets Speciromesier oo
Chamber  Bolenodds Superconduct Caviry Compressor
ko usd Fls Heam

Imansferme
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- g Flat electron beam production
f_m |>| Critical technique for producing fs-scale x-ray pulses
—_—

* Fermilab/NICADD Photoinjector Laboratory (FNPL)

- Demonstrated large emittance ratio (50:1) with small emittance 0.9 mm-mrad @ 1 nC
» Limit in vertical emittance will arise from thermal and space charge effects

LBNL collaborating with Fermilab in flat-beam experiments and modeling
- Remote operations from Berkeley

- Computer modeling to develop understanding of sensitivity, optimize performance
- Develop hardware for operations improvements

ith_ﬂﬂﬁ SC TESLA Cavity OTR Screens & Slits %
FARBAEEEA RS

TA_M A A AN AT
Ro Beam Flat Beam
RF Gun w Solenoids Shew Quad Triplet Trangformer
Flat beam measurements

~ U xdgofi SocDE30-131

Round beam image on .
fluorescent screen Flat beam image on
fluorescent screen

Beam image through slits for emittance
measurement

John Corlett, CBP Seminar June 2002
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- 1

|'J*1 Flat beam modeling

Develop understanding of limitations and
sensitivity of the flat-beam
transformation

Explore designs

- Matching lattice parameters

- Effects of RF focusing

- Space charge
Analytical model

- Characterize circular beam in cylindrical
modes

- Transform to x - y modes
PARMELA modeling

i: Dfrrrrrrwx_r;, ? [\f ﬂh@h\ B

8 |

Rol Beam Flat Eeam
RF Gun w Solencids Skew Quad Triplet Trangformer

SC TESLA Cavity

4.5 T
Q2
4 Q3 =
35¢
S 3
> T ;
825, -
| ", .
5 \ /
E 20 % @ f]
L - -
| -
15+ g -
e AT
1+ W
0.5 ~ - : :
=15 =10 =3 0 5 10 15
Quadrupole Gradient Error in Percentage
169 T
B—8—B—f-—SReaEEE S0 3%—:;_;&
46 ™ 3
e L
] - S
Suss . i
- ",
8 /
& / N,
= P k,
= 45 e, 1:...
€|/
a45t / Hﬁk
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PARMELA model for AO, 1 nC |
44 : - : :
-15 =10 -5 0 & 10 15

Cuadrupoke Gradient Error in Percentage
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Pi3 proposal (TESLA TTF2)
new R

photoinjector facility

e Pi3 - photoinjector 3
- Development of existing RF photocathode injectors
- Produce high brightness beams
* Generate long bunch at gun to minimize space charge effects
e Accelerate rapidly
 Linearize longitudinal phase space using longitudinal harmonic cavity
» Compress to short bunch
2 ] 1 ] 1 1 1 1 [
s Accelerator Module First Compression Stage (BC1) Accelerator Module
1 - !lil-'—(jun / f 31?11_;]1,‘__5:_‘11_-:1]-?::(: diagnostics section \.\x L
/ -t : —— —
05 I.-"; _solenoid solennid\\ f |
E 0 ’ [ -#’-’_H‘-ﬁ“
0.5 — : f." S |
N, A
-1 ‘ J..-' -
tune-up dump triplet to control * tune-up dump
1.5 7 CSR coupling to B
. bending plane
-2 L] I L] I T I T LJ
0 s 10 15 20 25 30 3s 40 as
z [m]
°

Proposal has similarities to Femtosource requirements

- We have joined the collaboration to produce a conceptual design report this year

n Corlett, CBP Semnar June 2002
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» Linacs use TESLA cryomodules
- CW operations vs duty factor 10-2 (TESLA)

- Low-level RF and cavity controls determine RF power requirement
» External Q and detuning issues

o Superconducting RF structures -
f—\l TESLA linac technology

Parameters TESLA Fs Linac A 3 10
| e 1l il o) o 1l g R e |

E... [MV/m] 23.4 20 | 4 T a™ " £

Operation mode Pulsed CwW

Pulse length[ms] 1.37 Cw

Repetition rate [Hz] 5 CwW

Duty factor [%] 0.685 100

Power loss/cavity[W] 0.4 42 Figure 1.1.1: The 9-cell niobium cavity for TESLA.

Beam current [mA] 9.5 0.04

Bandwidth [Hz] 520 65 9-cell SC cavity for TESLA with E_ = 23.4 MV/m

Q, 1010 1010 o o

Qent 2.5x10®  2x107

RF power/ cavity 1.85 MW 8 kW
Dynamic load at 2K
(for 4 modules) [kW] 0.0125 1.3

) a4 e/ vl v/ o) v} v o Y VSR
3
o A A /e A A A A A ISR N
Z Al M M M\ M M\ A M\ M AR
A J \ / \ / \ J \ J / \ J \ J \ VS VAN
HOM coupler power coupler
115, 4mm

1036mm

1256mm

John Corlett, CBP Seminar June 2002



—_— |E:-1 CW power considerations

BEREELEY LA

e Input coupler appears to be OK
- 10 - 20 kW reasonable
- CW tests at Cornell to begin soon

e Exhaust He gas line adequate

4t e Cavity bath He supply needs to be improved
it - Additional 2 - 3 connectors to liquid He supply
- Increase thermal transport capabilities

J 15 2 plues

John Corlett, CBP Seminar June 2002



Ty

—_— m Cavity coupling, external Q, power requirement

_

(1+ B, +b)’

Rv: B. =

I:)beam
F)W

b_

th

16 i AT i

14—

12—

— 1
G 4B
+-25 Hz cavity detuning 20
from microphonics o
Qi 2x107
B.= 500
8.5 kW/cavity
=0
1.3 6Hz RF power -
- 350 kW scrf
- 260 kW RF gun :
. 610 kW total o
2
0
;

9-cell, 1300 MHz
\ S ] £ | V4 e
\ = BTy 1 / )i o ‘
77777 \ \ - , / 5
NN e g = &
\\ L i |
o \\ - Sl e
- ™ : ‘ » : y.
© ==—20.0 MV/m, 40 UA, 50 Hz 0 deg S s e e !
=20.0 MV/m, 40 uA, 38 Hz 0deg Q EEE
—=20.0 MV/m, 40 uA, 25Hz Odeg — | o I
—200MV/m, 40UA, 13Hz Odeg =~ T
——20.0 MV/m, 40 uA, 0Hz 0deg sEmsaaaa
10 100
Qext (10%)

Each cavity is individually powered and

controlled for amplitude and phase stability.

J. Delayen, TINAF
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: . Superconducting deflecting cavities design produce head-tail
,% H deflection of electrons within bunch

_
e Consider 7-cell cavities
— Deflecting voltage 8.5 MV @ 3.1 GeV

* Requires seven 7-cell cavities Cavity frequency 39 GHz
Phase Advance per cell 180" Degree

(RAQ) 350 ) Cavity Equator Curvature 1.027 cm

y T 10 Cavity Radius 4.795 cm

Active length/cavity 2092 cim Cell length 3840 cm
Deflecting gradient 3 MV/m Iris Radius 1500 cm
Transverse voltage 1.346 MV Beam pipe radius 1.500) cm
RF power loss at 2 K 3 & Watts TM mode cut-oft frequency 7.634 GHz
TE mode cut-off frequency 5805 GHz

MAFIA model showing
deflecting mode E-field )
: ‘] Efr=rd e ikdz
R_

LTI =50 Q
------------------------- A e Q (kro)? wU

3.9 GHz RF power
* 50 Hz bandwidth
» 18 W per cavity
« 126 W total

FNAL 5-cell prototype




i1

! operating frequency
_

/—*\l . Superconducting deflecting cavities trap modes below

* Lower order monopole modes dominate longitudinal wake

Frequency| % WRQY k-loss R F e :T" Longitudinal wake

[GHz] [5C] ) [L2] HIVpC]] [MAEL [MW]

2.8132 ik 1 00038 B.656 (0.0866 ¥ "'il..-""m'l

28208 | 107 | 1 [0.0056] 12537 | 0.1254 . 1.||'| WW

283210 0™ | 13 oose7] 134050 | 1.3415 [

28453 107 | 10 Jo0427] 95,534 | 09553 o0 "r

28581 | 107 | 284 [ 1.2742]2,838,100] 283810 o oo

28685 107 |40 | rasis 4,009,000 41,0913 Dominant modes

28750 10 1 56 | 02546 363,800 36380 Dz .1 X 2 = e
57836 [ 1w0™ | o JoooT7| 1,892 00189

sE2e [ 1wo” | o Jooooz] 265 0.0026

e e e LOM (lower order modes) produce energy
58797 107 ] 12 Jo.anes] 119610 | L1961 spread

3 " s b 3 7 3147 .

1 T L« Dominant modes must be damped

6.0377 m::: 0 [oooiz] 1,357 0.0136 Q < 106 (10 kHZ bUI’lCh r.a.re)

6.6123 | 10 2 |o0233] 22481 | 02248

66135 [ 107 | 0 J0.0033] 3,068 | 00316 - 10 energy spread

e.7301 L™ | oo [oooio] 926 00093 . .

6 R025 lﬂ,l" ¥ 00227 jl,jlﬂ 0212 i DCVC'OP 3-D mOdel 1.0 deter‘mlne COUPIlng
68722 10" | 0 |0.0037] 3,390 0.0339 Yo power' Coupler

60377 10" | o |ooods] 4,372 0.0437

70615 | 10" | 32 03s07] 3ie200 | 31620

75036 | 107 | 10 Joa124] 95385 | 09538

75003 Lo | oo Joooid] 1214 00121

SUM 42147 %4.4504
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Cryogenics systems

LN2

~1550 g/s (@ 18 bar, 300 K

~1320 g/s @ 1.4 bar, 295 K

&
&

200 g/s @ _Wr
18 bar, 5 K

1
LI
- I:l—.J
- !r:J
200 g/s @
0.4 bar, 295 K . .
Three Stage Screw Compressor System with Intercooling
15 g/s @ 18 bar, 4.7 K 15¢g/s @ 1.3 bar, 44 K
> >—P4
J-T
i 15 g/s @ 1.4 bar, 45 K « Undulators
) A
< 0.4 g/s @ 1.5 bar, 300 K Undulator Leads
¢ — Undulator Sheild
220 g/s @ 0.4 g/s @ 2 bar, 50 K
2 bar, 50 K
220 g/s @ 1.4}21‘, 80 K
56 g/s @ Cavity
1.4 bar, 8 K [ I Outer Shields
Control V Control \% Control V
<< > * 29 g/s 8 g/s
4 < ! g > g
I Cavity
[ Inner Shields
*Control \Y * Control V Control V
T=8K 56g/s@2bar,5K> 22g/s 13 g/s )
200 g/s @ 0.026 bar, 1.96 K
Accelerator Cavities @ Pre-linac Transverse
J-T

200 g/s @ 1.1 bar, 3.4 K *J'T 44 g/s
> |

*J-T
29 g/s
> g
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Acceleration
Cavities
Heat Load at 2.0 K 2817
Heat Load at 4.5 K -
Shield Load at 5 K 531
Shield Load at 50 K 23825

Cavity Refrigeration @ 2.0 K
Magnet Refrigeration @ 4.5 K
Shield Refrigeration @ S K
Shield Refrigeration @ 50 K

Refrigeration heat loads

Linac Transverse Undulator Total
Cavities Cavities Magnets
Refrigeration Loads in Circuits (W)

272 534 -— 3623
-— -— 158 158
137 202 -— 870
2615 924 407 27771
Refrigeration at T Equivalent 4.5 K
(W) Refrigeration
(W)
3623 8390
158 158
868 780
27771 2750

Design 4.5 K Refrigerator Size—» 12080

John Corlett, CBP Seminar June 2002
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Cryogenics system power rating

n = 0.155 RGkw)"’
P;,(KW) = Carnot R(kW)/n

4.5 K Carnot Factor 65.7
Refrigerator Efficiency 0.218
4.5 K Refrigeration Delivered (kW) 12.08
Input Power to Refrigerator (kW) 3641
Power for Cooling and Switching (kW) 728

Total Input Power (kW) 4369

John Corlett, CBP Seminar June 2002



: Tﬁl il;; Longitudinal emittance control

e nrerer Lan il

» Linearize phase space from injector using 3rd harmonic cavity
- Energy spread in photon production section +- 200 keV
- Bunch length ~ few picoseconds

RF gun output After injector linac After harmonic cavity
+20 keV 1 H i o
< 20 ps > | l |
Main linac (4 passes) Electron filt in cavity

P LT TP
Y] Fuiy
f r‘. 1] Ty |'
+
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« TESLA cavity wakefields
- Measured and computed cavity modes

- BBU may be controlled in a
recirculating linac
* B-phase advance 1 in first arc
e Control of position offset through linac
- Displacement 50 - 100 pm

Ist pass

0
:
;

2nd pass

3rd pass

4th pass

a
\?

1.0 —
0.5 —
a.f
| | | | |
1 0 1 b
B ) Dzbunch centre)

)

]

Cavity wakefields and BBU

“ . — 18t order approx.
=== Tracking
¥ ind order approex.

nits of o {J=bunch cepkbia]

13
|
=
=
=
=
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.

- Coherent synchrotron radiation

Shielding effect

» Electrons radiate coherently for i (Morphy, Krinsky, Gluckstern)
A>2 T[lbunch 100 ++*+
* For rectangular bunch = Y
7 § B i
AE = 372 © Lo =
(l )4/3 R 2/ c10-L '
bunch o +
Qf h=Icm h=0.5cm
« 90 keV for 1 nC, 2 ps, 2T, 25 cm dipoles = ) > <
] B M
=10 :
— Resistive wall = T 1
« Vacuum chamber dimensions > 1 cm A _ !
e Emittance growth ~ few % 103 Lo Iy *:
/2 '
S - - h 9 '
] | T - RO %

i
400 e

3 Transverse kick fronj resistive wall wake

i 1
[ Rectangular bunch ; 4
[ Al chamber diametert=3 cm !
b 0, =3.5x10"2 "m"
_600x10'2 F~-Chamber-length-=.1 O L
[ Bunch charge = 1 nC
k' Bunch offset 100 um

L 710 MeV
T B R R SRR
-10 -5 0 5 10

Position relative to bunch center, mm

John Corlett, CBP Seminar June 2002
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Scheme for synchronization of x-ray pulse and optical
pump laser pulse

« Experimental lasers part of machine timing system

Timing jitter dominated by phase of deflecting cavities

LASER OSCILLATOR
(~80 MHz)

<

i

GUN LASER AMPLIFIER

>

LASER OSCILLATOR
(~80 MHz)

i

PUMP LASER AMPLIFIER

INAACTO

LASER OSCILLATOR
(passively modelocked)

'

3.9 GHz
(RF Kick) -

laser pulse

—l

1

Timing jitter results in position
jitter of compressed x-ray pulse

Early buncl\

Asymmetrically cut crystal

John Corlett, CBP Seminar June 2002
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‘ Deflecting cavity phase and amplitude control
.

« X-ray pulse to optical probe laser pulse timing jitter dominated by phase of
deflecting cavities

e Electronics
Phase

Klystron  shift 3.9 GHz -~ Resolution of 1 fs
30 dB  bandpass
~ 80 MHz - 2.44x10°° prad

] ) laser oscillator signal .
Diode - 16-bit DAC

= - ~ 100 Hz bandwidth
% %  Cavity itself defines
- 5. system bandwidth
90° phase E E . . e .
wit 5| & e Practical limitations
peflectg iy QS 5 31 - Laser amplifier drift
: -~ Thermal expansion of
cables
——{OCH{ Filter {-amf ~sino ~ Mechanical stability of
cables and connectors
Attdhation %} 1 ol coso - Cavity vibration (pickup
with respect to cavity
IQ detection bo dY)

16-bit ADC and processing - 10 fs=3 pm

John Corlett, CBP Seminar June 2002



> . Scheme for synchronization of x-ray pulse and optical pump
”:>| | laser pulse using visible synchrotron radiaton

L 1l
-
« Derive short optical pulse from dipole magnet

« Allows measurement of temporal drift of electron bunch with respect to
laser pulse

- ~ 100 fs pulse duration

echelle
d R /—> /—> reflection
grating
visible
radiation

bend magnet

d> 50 JO'%eam + Oiffraction

/X

e-beam size (11 pm) diffraction size at A=600 nm (23 um)

John Corlett, CBP Seminar June 2002



—_— ||;}‘ Personnel and equipment protection
.
* Requirements quite different from storage rings

- 25 kW continuously running injector into beam dump
 Recirculation and energy recovery attractive above ~ 100 kW beam power

— Must interlock electron beam generation to beam loss detectors
e Can switch off electron beam via photocathode laser on pulse-to-pulse basis
* Multiple systems interlock
- Bunch charge at beam dump
- Distributed loss monitors alongside machine beampipe
- Radiation monitors outside shield wall
- Radiation monitors on experimental beamlines

e Shielding around all beamlines in the machine

Concrete shielding

. _ ok around beamlines
Accesible, _ = with controlled

shielded, areas access for
. for power installation and
supplies, controls, maintenance
RF systems, '
cryogenics = - A Y 1"'- ]
systems ALY (7 gp— )ﬁf /
S\ (S ==

— Allows location and access for equipment between different energy beamlines
- Minimize roof shielding to allow use of second floor lab and office space

John Corlett, CBP Seminar June 2002
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Conventional facilities

Three representative facility buildings
- 190,000 sq. ft. (17,600 sq. m.)

- 160,000 sq. ft. (14,400 sq. m.)

- 155,000 sq. ft. (14,900 sq. m.)
Machine and experimental floor

-~ Reinforced concrete slab

Additional buildings
» Cryogenic plant
- 10,200 sq. ft.
« Utility center
- 4,000 sq. ft.
e Switching station
- 3,600 sq. ft.

— Pour-in-place shielding walls
Office and laboratory space on second floor

Second footprint most suitable for available sites at LBNL

- ~ 110,000 sq. ft. first floor
- ~ 50,000 sq. ft. second floor
HVAC
- Machine tunnel + 0.5°C
Electrical power
- 5 MW machine
- 4 MW experimental areas, office & lab space

John Corlett, CBP Seminar June 2002



— . "Old Town" site with machine layout to scale
‘ Synergies with ALS

FrreEerees P

.

77
LET M1
50 m
==} /4 o,
F A
T.ﬁll::l' LUK
[r
LOT HZ
: /' ﬂ o
= HI LoT ra
150 m
7S A
Advanced _ 75
Light =l
Source g- R
o v
A y

[ 8

S

£
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Strong scientific interest in ultrafast dynamics studies using x-rays
- Workshop on New Opportunities in Ultrafast Science using X-rays

Machine feasibility outlined
- Machine Technical Advisory Committee Review

- "We believe the team is on the right track and has properly identified the key areas on
which to focus”

We will document the scientific case and machine feasibility study this year
- Need to put the Femtosource on BESAC agenda

Continue to develop science case
- Apply existing x-ray techniques to studies of ultrafast dynamics

Need to develop mastery of technologies outside present core competencies
- RF photocathode gun
- Superconducting radiofrequency components and systems
- Synchronization techniques
- FEL technology

John Corlett, CBP Seminar June 2002



